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Equilibrium of a rigid body under the action of two forces 
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Equilibrium of arigid body under the action of three coplanar forces meeting at apoint 
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Y Y 

* — ^ £ + (_>a ^ * + (J-u I ^ — (_>a + (_>“ <= 
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_~o> . L^)l dktaJL» 6 iLoJI 6 JljJI a-bla^o 

) c> aLU^II ji + cH JY+ + Y cH 


H A 3 nVn ^ ^ aJ^Ixg] A^lxll 


0 ^-< *) = (d-‘ d-) = ruM» 


0 _ = 


H =e! 


o = 


^ — <*J <= 

* =m^ \ X \ + 


U- = <2j- 

Y Y 

— X^+ O - 3 + O* 


Y Y 

=^j«aY £ + ^ * ^ifl^ + (Jji Aj Abla-a .*. 


jJI 6 jIjJI abL^-r 


^ * — <*J) O'* 3 CS^" A-lll 's Ablx-oll <jl ^\ 


Y Y 

-?■ + d o -* 3 + 


(J^la a.l^j ® lA^jJaS L qj.-o i (J^^j ( * if) 4 S^jldl Abl*-a J1 s> 


If 


(* ‘ 1 “) = (d-‘ d-) = rsj^l 


V- = d 


Y' = d 


Y Y Y y Y Y 

n_= (<»)- (•)+ (r-)= o’- d+ d = 

Y Y 

* — ^ (J-* 3 X * X ^ ^ — X ^ + (J^ 3 + 

Y Y 

^ 1 — ^jjj 1 — (j-a + ^jjj AjjUadl Ablat-a .*. 


"ci^luiJI 


jJulaJI " - w H _ o TT£Yo'1 c lT ♦ &♦ n TAYAo£££ Jjo£ oLuul> /I 











■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■ 


* = J 

v=^ 


( t _ t * ) = (<*J _ 4 d — ) = C' "i 


* = d 


£- = (< 2 j- 


v Y Y Y Y Y 

V— (^)- (*) + (') = ^ _ d + d = ^ 


Y Y 

— V+ o-* 3 ^ X^+ X* X ^ 


Y Y 

= V+ ^j«a A + (j-a + 


I oLuuuuJI )Q-^jO . mJLOJ . JiJ I 0 uljJI <jJ.>ls2jQ 

Y 

d= ^ ‘ Id I ='J' UJ^J 



(.-it lu.ill — t Y ^ Ia^£^g -1^, 



(£-* V ) = (e)- . d-) = r i ■jiijlt jS. J- V 

£ = d < r- =( j <= 


= s =^<^= diijjjudii 


\A\ V 


Y Y Y Y Y Y 

^ = (*) _ (*) + — ) = \i , -d + d = 


— ^ + (_>^£ X ^ + — x^+ o^ 3 “I" L>“ •*• 


Y Y 

= ^j«a A + 1 — (j^a + 
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1 lA^laS L <lx«Vi cJ^la ^!i] I S^)j|^l Aj^tx^a ‘^■ji 

# ( * 4 £) 4 J^Vill due* CljlllJuiSl jj^g (JjiaJ j 




^/\s 


* i £ ^ A )Vq i\l due* Cljllijui]| '.' 

( dl- i i) = f j^j^' •*• 

** ± = d) ^ = Idl ='J > v 

— c £ ) ^ i £ ^ a^.jj •* 

v v y y Y Y 

n= (V) _ (*!-)+ (£-) = <J? - <l) + d = ^ 



*- = d 

n - = d 

n= a 


I ( ' — 4 ^ ) L^iL)A <^$11 A^as^ll^ 


Y Y 

* — ^ + O '* 3 X ^ + (_>“ X ^ + O '* 3 + O^ •*• 

= ) 1+ O^ 3 ^ ^ — 0“ ^ — O'* 3 “I” O^ C5^ e^)j|«lll .*. 


Y Y Y Y 

+ ( £— ) — ^ — dJ + d — ■?> 


Y Y 

X ^ + o^ 1 ^ - X^+ O '* 3 + O * 1 •*• 


=n 


\ \ 

^jji A — f^y a + (Jji .*. 


*- = d 

1 = d) 

n= a 


i 

k 

(1 

J ‘ * ) r , 


1 

ol 

r 

r ‘ * )r , 

p 
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I obL^JI io>jo . mjloJ ^Jl o iJIjJI <U.>Ls2jo ~0 


Y 

d=^ 4 |d| =^ uj^j 


— <»J + u^dJ ^ "Kj - 11 d + (_>“ 




Y = J 
r = d 

n= ^ 


(r_, Y_) = (J _ , d_) = r sjjUl jSj- \ 
Y = J ^ — Y— = J — 


r = d <^= 

Y = |Y| = |c)|=o» 


n = 


=n + 



a^)J 


Ijlll V 


o® 


Y Y 

x^+ L>^ + CH * • 


Y Y 

— ^ + ^jjo £ + “I - cd^ L5^ •*• 


L L^aJ cJ^la ^lill <§^§> 

i * ^ Cjli x«^\l 


( r °-) C 



^ ♦ Jbuo 



.(T 4 * ) 4 Jaflill AlC- dlljiL^all (jjixi *. 

0"‘ d-) = r jsj-ii ••• 

0 += d <= 0 = |d| =o > 

(Y 4 ^ ) LaAl.1 ^] lA"L>^ .la.jJ •*• 

(r 4 ° -) 4 
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^ c ^ <§$§ 
x 'f •, ^ ^ _I f °-=d 


r- = eJ 

n= ^ 


v v Y Y Y Y 

= (*)- 0"-) + ( c -)= o’-<jJ+ d =* 

Y Y 

* = ^ + (_>a V*— X ^ + L)^ X^+ (J ^ 3 + *** 

\ \ 


I 4 0 — ) L^>^)a s^ill a^UJI av*Ik 11 4^414 ^ 

^r^-' » f ° = d 


Y y y Y Y Y 

“>= (»)- (V-)+ (»)= o , -d+ d = *• 

Y Y 

* + Cr^ X ^ + l> j0 X^+ Cr^ + CH •*• 

Y Y 


^- = d 


6 JljJI abls^ - 1 


Y Y 

|dj| — |d| = 'O f> UJ^J *=■?■+ O^dJ ^ +l> jj c)^+ O-* 3 + L>“ 

V 

Y .. \k Y . 

^ = d = d 


j^A\ ^£ t £ — ^ 


^£ i £ — ^ — 4 u — ) = C* ^Jakill Ia^^^g j S^jI^SI v 

£ = d <= £— = d- 

/ \ ‘ £_ = ^ <= £ =e)- 


((*‘*V 

1 ^ 1 1 — 

£ 

t- 

1 

* = > 


n=\>=* 


£ = £ = £_ =„j> 


Y Y 

^ 1 + (j^a A — A + (j^a + ^jjj AjjHaAll 6^)j|^ll 4bl*-a .*. 
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*<>x.Vl S Jjb 4 f (jl£ li] • ^gl\ AjUjojIIj 0^)j|^ £jJaj 


(1) CLkr>\lo^ 


'. Y ) ^ C—Ua. y l&^)Ia9 L Ax<aj (J^jla 4 ^ l&^)ia9 


u! ^ 

/L^ 4 {* (jljjjljll! djl £ lij 

^ ^ < 'O r 

jjl^Lia ( ^ ) 

y^ + ^ 3 =, o c 

£ jUJI (j* jjluiUd (Y) 

\3+ \3> *o t > \3 - \<3 

jjJxJaliLi 

\3 - \3 =f O c 

(Ji.1^1 (JjlLudLalLa ^£^ 

y 3 —\ 3>'o c 

jjjLkldft (0) 

^a*^a =fO ^ 

0) 


= ^ 1 + A — (__)jo ) * — <j*a + (jjj ; ^ ^ ^j\j^)j|^ll (Ja 

— ^ (J^ 3 ^ * +L>“ ^ + (J^ 3 + LH ! Y ^ 4 

tSlLUj ^)_jjj 9 


? ^ jl All (Ja jjUix^' 





( X 

£ t o)={* ^ ^ 


^ *1= ^ 4 i— = <*J 4 °— = d 


a^j 0 _ (H) _ (i— )+ (®— ) \ A — ■?>- d) + d \ A — ^ x? 


— 4 V — ^ du^Y^ A^Ull A^ui^ll^ 


Y 1 — = a 4 ° ^ t V = J 


JjL S^j > * — (Y l—) — (°)+ (V) \ A — (i) + d \ A— Y 
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(J jia S^a. j ) ® — ^ * + ^ — Y ^ 


\ \ l 

Ou^-YO 3 ) + ( ^ (J^ YU" 0 ) \.A='Uf (J j$J* 0£ ±*-A\ 


(£,o) = r 
(o_ 4 V_) = v 


J> S^J ^ 0 = \i - 0 -) + \° \ A= vr 


£ jUJl (jHuoLu^ <jtj ijSU! .*. Y /v^ + 'I ^ = fO f *•* 

(V) cd^\Lo$ 

(jjdLolli L L^aJ (jjfLj — ) 

S^)jI^I ^jLgjjuj^a]| ^LuoLa^li — Y 

• (^^11 ^aalLaiA]| ^ic* cj - ^ 4 ^ (J^) ^ .i^Axll cJ^Sa — V 


+ )0^* ^ ghc^f* 


w> 



— J jA *— -^ + (j-^a LjJ + 


= Y + (j^a£+(jjd V ^jqud*\l J c \^ = (^ S^)j|^l aJ^Ixg 

4 3aVi\i Aio ^jjdL<^ 






/ 


(jjdLa^li ^lc* (J^jJa ^jLuiJ S^)j|^i ^}la3 L L^aJ (J^jJa 


+10^ 4- 1 +'I(J JJ P I _ s _ . 

— /\X -if 



- + >v 


(_]^ia £ — 


v +r X i+\ *r 


y y 

£+ r 


£ = (T — (j-a)+ — ^jjj^ ^A Aj^Uxall a^)j|^ll .*. 

^ 1 = (Y'- ( j-a)+ (Y— (jrt) <= 

* = Y+ £ +(J^Y < 
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(A) cOir>\lo^ 

lA^laa L Qa«Vi <Jjla ^5^11 f S^)jIa 1I (_£jiawi ^flj <_£a!I d 3 P^Jaaill dul^ 

(* d ^1x^1 jji ^ < p c' jl£ iila 

f* 6 jjldl ^jjjLa-a d pj 3 ‘u i. i <c l l (jj-® O'* = P f ^j-® 

r e. JJ^ £^3 d jji ^ > P {* jl£ liji 


T T 

H — ^ £ — “I - -|-^jji ^ 4 Hi.) illj d ^-JSILuaaII ^Ldj JiA^. 

* d jaJalalAll 4jjsU-<» dul£ li] 

* = £+ (j^t— (Jjj V (^) 



= xr+ 


O * 3 


a — > w n 


u -1 #j 


— ^ * + (_>^£— (j^j V (T) 



^Aa 




.j^ux)^ ^Ac, ( £ t V — ^ f s^jIaSI l, y* cJ^ 3 Lud^J 


— °+ u^ 3 ^ - l>“ ^ ^ d ]Vu>i<a\l ^ lc- S^jIaII j^ ^jjuo^aII (_j^la 



£ = 


° + t xt- v-x? 


%\ 


= d^a 


£ _ 


)+V)\a 

ojjI^I £ jUk £AJ ^ d ^“ u ^ ' 


Y d ^ 30 joi«a]| e^)j|«ill j<a ^^juo^aII ^^axII d_^a 


'Lib 


YTW c A _ = t_j d=p 
£ — 4 ^— — 


xr + £ xA- r_x^ , , , , 

J> ^,v = r:... »= J> 


( 


A -)+ T 0 )V 


SjjIaII :,„,,li Y d ^iflJjalAil .*. 
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— ) *+ ( j^a i— {jjiY ; y (j * \$\ 1 i^W ^,\cr S (^0 (j^Ja 

= r = I ' ‘ + i xi ~ r ~ yr I = jj^ji j jk 


'•=^i- = U‘f= P 
£ — 4 ^— — 


'( * VmV 

S^}j|.li] (JjjL<la Y'^) •*• 


L Qx«Vl (J^Ja J t ULi r\J = ^Jalia ^AjJa^a 131 


(^) iUa^\Lo^ 


1 n. Y . v 

La. — = 41^1 jol a * (jli = <juoj^^)J S^Loll S^pljlll 

V * 


4 juojj^)J ^)aj ^jajia ^^LaJ ^ic. 4j.iC.lij ^jjua (_£^)Lax>» (jj.Vlg <a ^<ax«*a 

y y 

^jxall fi^c-is 4^1 _uia LjJjuo^I * — *\ * — (^y^ ^ Y “I - (_jj £ — “I - i^y 3 6^j1^11 

AjU^yi 6.1a. j L_J jffl 


) < * = (1 


4 ju^a "c-la 





“M/. 


y y 

^ Y + (jj£ — (j^a + (jj a^)j|jl]l 4j^ljt-a (^y& 


A = b iJ '£.ic.ta ^!AjJal Aic. v 


n. y . v 

La. ^ 1 i<g\l is.lC.Lij 4 al job a .*. 


Y- = J 

1 = d 

n* _= ^ 


V 


n* a 

Y * * = £ o La. £ « « = La. ) * * y — — 

A Y 
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^}AJ ^juiL<Lk (JfLul ^Jajuo A^LudA £J^)A Jb l^liluj C_J A^> jl 

y y 

<jlj IaIc; * — ^ H - V — (jjol + -|- ^jjo S^jiA^I Ajuojj^j 




^juj o iJI^j ^Ia^VI (_£ jIulaII Sa^ j 


Y Y 

— ^ ^ — (j^^H - cJ-^ + / vjj S vjIaH 


Y Y Y Y Y 

t * = 0 — ( 1 —) + (T) = ■?■—<*) + J = •* 


n. y v 

1 a. ^ ~ Ia'T'^U ^juoLaiJl (_]£. /i)H 


v 


Aju^y* S.iA j H ^ = V T Ia ) * * 





lA 4 aLou» d-^ 4 ju^a 1 I fiJA^ll .* 


Yrvv ? o =yo x n©d = ^UiJi cPi 4aI^> .*. 
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(J jUjoJ L ^Y — 4 Jaklll j^y* 'j 


[^ — (Y + <j-a ) + ( ^ — o° )] 


4 _J^la V 


(Y 4 * u i | £ — i = p c'~~ l_jP lij 4j^lat-a ^ji 

[^A= (A + <>a ) + (Y 1 — <_>-)] 


S JAJ1 AjujojlU ^ \ j = ^ — i * j = u i |T i = p JalSLil! £*\ j* 

y y 

^c. ^ i ^jLa. 4-1 4 (J^Ij P] Y © = (V — (j*a ) + ^Y + (Jjj) * ^ 


! I jj^jJI qjo J5J jJoi>JI vJL^u J9^9 ^jOljoj Jc>9l 

Y Y 

t .) = r] YV = L>a + cH (P) 


=J> t ( . ( \)=| 


[j > ^ jV =j> t (^r_) = r] 


[j J Ls^ J o=j> t (r_ 4 Y) = r] 


[j J Ls^ J r=j> ; (.4 w) = r] 


? 


[j J Ls^ J n\ / =j> 4 (o_ 4 r) = r] 


^ 1 — ^j^a + ( Y — (jjj ) (^ 4 ) 

^ — (® — 0» ) + (^+ (J*) (V) 

Y Y 

— ^ Y— (j^al + £ — ^j^a + (_yi ( 5 ) 

Y Y 

A = Y + <j^a + (a) 

Y Y 

* = fj * a 1 * + 1 _ ^j^a + Qi j (j) 


4 JaVlllj cY — ^ 4 JaVl\l CS"^ 4j*ilxx] 4-al*Jl [ V 'j 


r = O — , va ^ * — 


(A - £ + (J-a + (J-u S 4Jjl*^aj P 4 . Uo-t l ' jLi j]]. (Y i Y^P 
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^juljuuJI jSi JjLxxj \J I3 Ojjli JjuoJ cLu\ll O^JilaoJI <jjo <^Sl [A 


[ 6 jjb JIaj V] 


[ 6 jjb JIaj V] 


[ Sjjb J 1 *j V] 


[ Sjjb JLoj] 


* — ^+^j^a£ + Y _ ^j^a V + (^) 

Y Y 

— ^ — L>a — L>“ °+ (J-* 3 ^ + (J ^ 3 — ' (^) 

. = “ 1 +^i + o* 1 _ V G \ +' r u ,\ (r) 

4 | Y 

* = £_ ^j^a£ + Y — ^j^a + (£) 


j^ljjLLlalLaJ 


S' l jl V O il lo'i r> jjjj^j|jJ| (jJO LSI Q 


Y Y Y Y 

Y 0 — * + Q * a + (_>u t ^ = (_>^ i + (J^ 3 + (_>> (P) 


Y Y Y Y 

[^jULUalajJC.] * = £ ^ t * = V + (_)-^Y + (JJl Y — (J-a + 


A Jaflij ^£ i Y^ A InVill Ia j£^a 


Y Y 

[ * = (J ^ 3 A — <_>^ — O * 3 + v- 5 ^] 


? 


djLbjaJl ^LAJj 


Y Y 

^ Y + (j^a ) * — (jj> A + ^Jjj] 




Aic. CA Utj.il I f^yue^j V lA^laS L *<x.Vl (J^la S All ^ ^ 

Y Y Y Y 

[ * — Y c +(_^aY + qx) * — (j^a + (Jj) jS * = Y c +(j^aY — * — (j-a + ^] .( * 4 <Jak± 


CjI jl (£ — i Y) U 0 ^ Y' 

Y Y 

[ * = ) Y + (J^a A + £ — (j-a + lJjj] 
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-lie- Cjhl (^yua^j £ lA^laS L ‘U-o'i (J^la Aa^jl ) £ 

Y Y Y Y 

[*= — (Jij A+ (j-a + ji * = ^+<j-aY — (_y> A — (j^a + (Jjj] .(Y\ * ) A-iallH 


V V 

[ % = V (J-a ^ * + (JJJ ^ * — (J-*a + (^] 


y y 

Ajuudillj £ = ^Y + ^ — qx ) \ ) ^ S^jIaII aa^ ^ ^ 


[jll^Lia] 


^ — (^— lk») + (V+ (Jji): y^ 


Y Y Y Y c ^ 

= ^ ^ — <j-*a A — (^yi Y — <j-*a + ^ t <j^a — ^ = ^Y + ^jjj^}jI All ^jl dujl ^ V 


(J-i.lA]| ^g (jIILujLgILg 


= V — Y ^ j t Yj = ^ Ia^^^g ^lill S^jIaII aJaIjl^g A^.jI 


[^V-o-j+V- <->«)] 


jfc 4 )Vq'ill Aic- l^J 


it <iuulb * =) V+ u^*) Y — ; J /x^QJi-juuuoJI £Lz >9 ^ ^ 


[s jji^ii ^uq 


Y Y 

— ^ Y— (j^s£ + ^ 1 _ ^ 


a^)j|^llj Ajuojj^)J ^ajj t»L<^ ^ Y <C- 2 /LJal JJiC- ^JaJXa ^ U>>«a 4 •si jolq \~> ^ | f Y * 


[Aju^ya o 4 ^.j £ A] 


Y Y 

. * — ^ — + o* 
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- q rv lo i i rv 1 1 qJL^taJ I oli> ^XXjJLjUuOjoJ I ’•'L) * < ^ > 


.^pJI Jo^iLuuJI^ 

./>laJI v-^JI O^jls $jk 







^^OuLiijLjuULoJ I I 

Rectilinear motion 





*_J p 4^jVujo^\i Ax 3^q\l A Haj 4 Vi^ll jA 

CS^W^J C^'^V' -MjJ J*J I 


C 9 


.^oaJS jLuiaII (_J^juj ^ 

AiLaiAll ojj^jJoILj <_£ jLujJ V A ^.1 J)Vi 4-aJLo 

. m J! P c> 



4 Inaj j ^ j ^^LulaII AjjIAj A V^H jA 

i /~j*Jh ^ j*j}j ‘ "•> ' t £— =>“ 

tg ■N*i<a /O^ 4 r>J* 


</• g^D^oJI <3j*^u0 

Position vector 
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C5 Ja*jj 4_kii ^ ^jiloL a -kk ^ c*J j^jj £-^a j/> <^u (j^ '\' Ojljg 

O* (^ +vA)+ /O' (V - ^1) = ^ A^b ^ j^jll ^ <SI^£ 

j3Vq^\l AiLud^]| ^ g Vi^a /O^ c /%/ c! 

r = v ^ 




rsjP +/U» , ^) - I - /O' (V — /^V^ 

o*’ + /O' r- =o^ (> +* x^)+ /O' (V -. 

O^ y °+ /O' > o =zO^ (^ +v x^)+ /O' (V - 
O* V£ + O' U = O* (^ -Y0) + /O- (r 
AiLowi V * 



‘•'1/1/ 


^Jc, AAlaJij (JjJanj 4 £.^joJI <Laj3 <_£ 


/f 4 | > /f 4 lW^ 




ibaua (_£^ll A^Lall 

A^^aJl al^j] 


OC^huuJ ! Qj>tjuO 

Velocity vector 



I jjuIaS ol_\J >3 


— L>V^ ^ 


— - Cj/^' 




- uVfS ^ 
u 

U-V^ — = <^-)/^ 


^/ f ^= — X vt =cW^VY 

' ^ A ' 

\o. 

LJ /^auui ® * * = — “ — X ^ A = (JJl / ^ \ i 


\JjLo 


\JL oLuJl 


-Hi. 
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